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Supramolecular chemistry is defined as “chemistry beyond the molecule”, its main 
focus is molecular assemblies through non-covalent interactions or dynamic covalent 
bond. Those interactions are also essential in biological molecular assemblies such as 
DNA or protein, which exhibit sophisticated structures and functionalities. To give deep 
understanding of interactions, mimic structures and increase out undertstnad of life, 
chemists use supramolecular chemistry to study the nature of those interactions, the 
physicochemical properties of the assembly process and the mechanism of assembling 
process. There are two fundamental questions in molecular assembly: how to construct 
complex assembly systems and how to characterize them. This dissertation contributes 
from two aspects: new molecular assembly strategy and new characterization method. 
In the first section of this dissertation, molecular face-rotating polyhedra were 
assembled using truxene derivatives as facial building blocks. The C3 symmetric 
truxene (facial building blocks) and C2 vertex linkers (vertexes building blocks) were 
assembled into [4+6] polyhedra using dynamic covalent bond. Three sp3 carbons in 
truxene skeleton exhibit certain directionality, forming either clockwise (C) or anti-
clockwise (A) patterns. Truxene derivatives thus possess 2D chirality but no 3D 
chirality in solution due to free rotation. Because rotational pattern of each face of 
polyhedra can be either C or A, there are five possible diastereoisomers for [4+6] 
octahedra: AAAA, CAAA, CCAA, CCCA and CCCC. Assembly of achrial vertexes 
ethylenediamine with truxene derivatives give only CCCC and AAAA conformation, 
confirmed by nuclear magnetic resonance (NMR) spectra, chiral separation, single 
crystal structure and circular dichroism spectra. Interestingly, the CCCC or AAAA 
exhibit the highest molar ellipticity ever reported. Assembly of chiral vertexes, e.g. 
(R,R)-cyclohexanediamine, with truxene derivatives at high temperature give only 
AAAA, whereas reactions at room temperature give kinetic products. Both experiments 
and calculations results showed that van der Waals forces among alkyl groups of 
different faces are key to diastereoisomer selectivity. When racemic diamine and 
















sorting process and gave only homo-chiral, homo-directional molecular polyhedra. 
Assembly of D3h symmetric facial building blocks with racemic diamine exhibit no 
selectivity and gave products of mixture of homo-chiral and hetero-chiral polyhedra. 
The second section of this dissertation is developing high resolution micro-fluidic 
NMR techniques for in-situ characterization of complex assembly system. The micro-
fluidic chips including channels and NMR sample chamber were cut from thin 
polymethylmethacrylate (PDMS) board by CO2 laser cutter, the total thickness of 
micro-fluidic chips were less than 1 mm. Microstripline were used as radio frequency 
coil and soldered to the circuits of commercial NMR probes. This device can take high 
resolution NMR spectra from 2 μL sample volume. 
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第一章   绪论 




新物质和新材料的重要手段之一。超分子化学的思想最早可追述到 1894 年 Emil 
Fischer 提出的酶和底物之间特异性识别须满足“钥匙”和“锁”的关系[1]。从二
十世纪六十年代开始，Donald Cram教授、Charles Pedersen 教授和 Jean-Marie Lehn
教授先后合成了一系列可选择性识别离子的大环分子，并因此共同获得 1987 年
诺贝尔化学奖，以表彰他们“发展和使用了可进行高选择性结构特异性相互作用
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